Because of the evolving resistance of microorganisms against existing antibiotics, there is an increasing need for new ones, not only in human, but also in veterinary medicine. The dichloromethane extract of a fungal strain of the genus Lophiostoma, isolated from driftwood collected from the coast of the Baltic Sea, displayed antibacterial activity against some fish pathogenic bacteria. Ergosterol epoxide (1), cerebroside C (2) and oxasetin (3) were isolated from the extract and structurally elucidated on the basis of spectroscopic data and chemical evidence. Compound 3 exhibited in vitro activity against Vibrio anguillarum, Flexibacter maritimus and Pseudomonas anguilliseptica with minimal inhibitory concentrations of 12.5, 12.5 and 6.25 µg/mL, respectively. Molecular docking studies were performed to understand the interaction of compound 3 with different macromolecular targets. Analysis of in silico results, together with experimental findings, validates the antimicrobial activity associated with compound 3. These results may be exploited in lead optimization and development of potent antibacterial agents.
Here, we report the isolation and characterization of ergosterol epoxide (1) [12, 13] , cerebroside C (2) [14] and oxasetin (3) [10] from Lophiostoma sp. The antibacterial activities of different extracts and oxasetin were determined against several fish pathogenic bacteria. Compound 3 was subjected to molecular docking studies utilizing X-ray crystal structures of six different antibacterial drug targets to underscore the possible mode of interaction in silico.
Oxasetin was first identified from Vaginatis poraaquatica as antibacterial against human pathogenic Gram-positive bacteria, including methicillin-resistant Staphylococcus aureus and vancomycin-resistant Enterococcus faecalis. The results of the antibacterial activity of all extracts and isolates according to the agar diffusion method are presented in Table 1 . In our assays oxasetin exhibited moderate in vitro activity against Vibrio anguillarum, Flexibacter maritimus and Pseudomonas anguilliseptica with minimal inhibitory concentrations of 12.5, 12.5 and 6.25 µg/mL, respectively ( Table 2 ). It did not show activity against Aeromonas salmonicida, A. hydrophila and Yersinia ruckeri. Ergosterol epoxide, or (-)-5α, 8α-epidioxyergo-6,22-diene-3β-ol (1), and cerebroside C (2) did not contribute to the observed antibacterial activity.
Molecular docking is a computational method to find out binding modes of ligands to their receptors rapidly, and is being applied consistently to drug design and discovery programs. The intention of this technique is to swap experimental studies of protein-ligand complexes by modeling their structures and binding affinities in silico. It is routinely used to predict the binding orientation of drug candidates to their protein targets in order to predict the affinity and activity of the test molecules. With an instrument that can correctly Table1: Antibacterial test results (2 mg of crude extract and 100 µg of pure compound per paper disc). n.t. Not tested and reliably predict protein-ligand structure, one can easily identify the right molecules to modulate functions of the desired protein, for example, a therapeutic target. To accentuate the mode of binding interaction of compound 3 at the receptor site that may be responsible for governing the observed antibacterial activity, it was docked into the X-ray crystal structures of six different targets using the AutoDock 4.2 program [15] . For each docking experiment, the lowest energy docked structure was selected from 10 runs. The binding affinity was evaluated in terms of binding free energies (ΔG b , kcal/mol), inhibition constants (K i ), hydrogen bonding, π-π interactions, and RMSD values ( Table 3) .
A prerequisite to any successful experiment is the validation step.
The docking protocol used in the present study was therefore validated by docking all native co-crystallized ligand molecules to their respective proteins (PDB code: 1JXA, 1YXD, 1JIJ, 1HNJ, 4UAG and 3U2K). According to the method of validation, if the RMSD (root mean square deviation) of the best docked conformation is ≤2.0 Å from the experimental one, the used scoring function is successful [16] [17] [18] . The RMSD values of the native cocrystallized ligands after docking were ≤2.0 Å (data not shown), which confirms the reliability of AutoDock for docking compound 3 into crystal structures of different antibacterial drug targets.
Results of the molecular docking study revealed that compound 3 docked into the active sites of glucosamine-6-phosphate synthase, dihydrodipicolinate synthase, tyrosyl-tRNAsynthetase, FabH-CoA β-ketoacyl-ACP synthase III, murDligase andDNA-gyrase B (PDB code: 1JXA, 1YXD, 1JIJ, 1HNJ, 4UAG and 3U2K, respectively) and exhibited their binding interactions in a similar fashion to the native co-crystallized ligands of the respective enzymes ( Table 3) .
Analysis of the docking results revealed that oxasetin accommodates most comfortably in the binding pocket of GlcN-6-PS, exhibiting a binding energy of -10.12 kcal/mol, while higher binding energies were noted in the case of the other macromolecular targets (Fig. 2) . Similarly, the calculated inhibition constant was least in the case of GlcN-6-PS ( Fig. 3 ), suggesting that this enzyme is the most favorable target for oxasetin. To have an accurate idea of biological activity, predicted values of docking inhibition constants (K i ) were converted to negative logarithm (-log K i ) and it was found that the predicted biological activity is maximum in the case of GlcN-6-PS ( Figure 4 ). GlcN-6-PS, a dimeric enzyme that belongs to the family of glutamine-dependent amidotransferases, catalyzes the first unswerving step of hexosamine metabolism [19] . It catalyses a complex reaction involving ammonia transfer from L-glutamine to fructose-6-phosphate, followed by isomerisation of the formed fructosamine-6-phosphate to glucosamine-6phosphate [20, 21] . The end product of this pathway, UDP-Nacetylglucosamine-6-phosphate, is an essential building block of cell walls of microbes such as chitin and mannoproteins in fungi and peptidoglycan in bacteria. Investigations of the docked conformations of GlcN-6-PS and oxasetin revealed that the NH group at position-1 and the carbonyl group at position-5 of the pyrrole-2,5-dione ring provide sites for receptor interaction by donating and accepting a hydrogen bond with Glu-488 and Ser-401 residues, respectively. Data from the literature also support the amino function as an important moiety to be included in the design of GlcN-6-PS inhibitors [22] . The carbonyl group that connects the octahydronaphthalene and pyrrole-2,5-dione rings of the oxasetin molecule also seems to be important for the binding interaction, as it accepts two hydrogen bonds, each from Thr-302 and Ser-303 ( Figure 5 ). Other amino acid residues constituting the binding pocket include Cys-300, Gly-301, Ser-347, Glu-348, Ser-349, Thr-352, Ala-400 and Lys-485. With these findings, we hope that the results will facilitate the understanding of the mode of interaction of oxasetin with various macromolecular targets that will be vital in lead modification and design of potent antimicrobial drugs. 3 (1%) 0.5 mL; glucose; malt extract 5.0 g; aqua purificata 1000 mL}, pH 7.5, were inoculated with a homogenized preculture of Lophiostoma sp. and cultivated on a rotary shaker (125 rpm) for 21 days at room temperature.
Extraction and isolation:
Mycelium and fermentation broth were separated. The freeze-dried and powdered mycelium was extracted with different solvents of increasing polarity (CH 2 Cl 2 , EtOH and H 2 O). The extraction was carried out in a Soxhlet apparatus, each time for 24 h, and then concentrated using a rotary evaporator. The CH 2 Cl 2 extract (600 mg) was fractionated by CC (system 1) to yield 7 fractions (A-G) according to monitoring by TLC. Fraction F was further fractionated by CC (system 3) to give 5 fractions (F1-F5) on the basis of TLC. Fraction F3 was purified by HPLC to afford 1 (3 mg) . Fraction G was also separated by CC (system 2) to yield 5 fractions (G1-G5). Fractions G2 and G5 were purified by HPLC to afford 2 (6 mg) and 3 (4 mg), respectively. Molecular docking studies: Three-dimensional coordinates of different antibacterial drug targets were obtained from the Protein Data Bank. Discovery Studio Visualizer and AutoDock Tools packages were used to prepare docking files. For each PDB structural data file containing protein and ligand complex, the ligand was extracted from the protein complex in the PDB file. The partial atomic charges were calculated with the aid of the Gasteiger method and after merging non-polar hydrogens, rotatable bonds were assigned. All the amide bonds were considered as nonrotatable. For the protein, the hetero-atoms, including cofactors, water molecules and the ligands, were removed.
For compound 3, structures were drawn in ChemBioDraw Ultra 12.0 and converted to their three dimensional structures in ChemBio3D Ultra 12.0, energy minimized by the PM3 method using the MOPAC Ultra 2009 program, (http://OpenMOPAC.net) and saved in pdb format. The prepared ligand was used as input files for AutoDock 4.2 in the next step. The Lamarckian genetic algorithm method was employed for docking simulations (15) . The standard docking procedure was used for a rigid protein and a flexible ligand whose torsion angles were identified (for 10 independent runs per ligand). A grid of 60, 60, and 60 points in x, y, and z directions was built with a grid spacing of 0.375 Å, and a distance-dependent function of the dielectric constant was used for the calculation of the energetic map. The default settings were used for all other parameters. At the end of docking, the best poses were analyzed for hydrogen bond interactions and root mean square deviation (RMSD) calculations using Discovery Studio Visualizer 2.5 program. From the estimated free energy of ligand binding (ΔG binding , kcal/mol), the inhibition constant (K i ) for the ligand was calculated [ Table 3 ]. 
